We have mapped the [C i] 3 P 1 -3 P 0 emission at 492 GHz toward the supernova remnant Cas A. We detect [C i] emission from the periphery of the diffuse Photon Dominated Region (PDR) covering the disk of Cas A, as traced by the carbon recombination lines, as well as from the denser PDRs associated with the molecular clouds towards the south-east. [C i] emission is detected from both the Perseus and Orion arm molecular clouds, with the −47 km s −1 Perseus arm feature being strong enough to be detected at all positions. We estimate the C/CO relative abundance to be 0.2 at the position of the identified CO clouds and > 1 for most of the cloud. Here we show that the distribution of [C i] emitting regions compared to the C + region and molecular cloud is consistent with a scenario involving PDRs. Using physical models for PDRs we constrain the physical properties of the [C i] line-forming regions. We estimate the densities of the [C i] emitting regions to be between 10 2 and 10 3 cm −3 . Based on rather high volume filling factors (∼ 50%) we conclude that [C i] emission mainly arises from diffuse neutral gas in the Perseus arm.
INTRODUCTION
Molecular clouds are embedded in the diffuse interstellar medium (ISM) of the Galaxy where most of the gas is in an atomic form. The atomic gas is mostly located in two phases that are in pressure equilibrium, the cold neutral medium (CNM) with temperatures of T ∼ 100 K and the warm neutral medium (WNM) with T ∼ 10 4 K (Kulkarni & Heiles 1987; Dickey & Lockman 1990; Wolfire et al. 2003; McKee et al. 2004) . Some of the cold atomic gas is also associated with the denser molecular clouds, possibly forming an extended halo or envelope (Andersson & Wannier 1993; Moriarty-Schieven et al. 1997) .
Far-ultraviolet (FUV) photons (6.0 < hν < 13.6 eV) from OB stars produce Photon Dominated Regions (PDRs) either at the interface between the H ii region and the molecular cloud (classical high density PDRs) or in neutral components (atomic or molecular) of the diffuse interstellar medium (diffuse PDRs). PDRs are defined as neutral regions where the chemistry and heating are regulated by the FUV photons . Current understanding of PDRs suggest chemical stratification in which with increasing depth from the surface of the PDR, the dominant carbon-bearing species changes from C + through C 0 to CO. Observations of [C ii] , [C i] and CO lines tracing the different layers of PDRs is thus a useful tool to constrain various conditions of the PDRs.
Ionized carbon in dense star forming regions is mainly traced using the 2 P 3/2 -2 P 1/2 fine structure line at 158 µm (Howe et al. 1991; Mookerjea et al. 2003 ). The radio observations of carbon recombination lines (RRLs) provide a very good alternative way to trace the spatial distribution of ionized carbon. Classical C ii regions which form part of highexcitation PDRs, are usually identified through the observation of narrow (4 -10 km s −1 ) carbon RRLs at frequencies > 1 GHz toward H ii regions (Pankonin et al. 1977; Wyrowski et al. 2000) and have been well studied. The diffuse C ii regions which form part of low-excitation PDRs, are identified through observations of carbon RRLs in absorption at frequencies below ∼ 150 MHz and in emission above ∼ 200 MHz (Payne et al. 1989 ).
Diffuse C ii regions were discovered more than two decades ago through the detection of carbon RRL in absorption at 26.3 MHz (C631α) in the direction of Cas A (Konovalenko et al. 1980; Blake et al. 1980) . Since then several RRLs spanning over 14 to 1400 MHz have been observed in this direction (Kantharia et al. 1998 , and references therein) and it remains the only diffuse C ii region which has been studied and modelled in such detail using C RRL. A smooth transition of lines in absorption at frequencies below 115 MHz to lines in emission at frequencies above 200 MHz has been detected (Payne et al. 1989 , see Fig. 1 ). Moreover, this is the only direction in the Galaxy where high resolution (∼ 1 ′ ) image of the diffuse C ii region in carbon RRLs near 332 MHz exist (Kantharia et al. 1998, see Fig 2) . Modeling the line emission in this direction shows that the carbon RRLs originate in cold regions with Te = 75 K and ne = 0.02 cm −3 (Kantharia et al. 1998) . Several molecular line studies have been performed towards the direction of Cas A. These observations do not detect much CO emission from the disk of Cas A, but identify molecular clumps located primarily to the south east of the disk (Troland et al. 1985; Wilson et al. 1993; Liszt & Lucas 1999) . The diffuse C ii regions could be coexistent with the cold neutral medium (CNM) that produce H i absorption toward Cas A or with the molecular component of the interstellar medium (ISM) (Ershov et al. 1987) . In the direction of Cas A, a morphological comparison of C RRL distribution with that of H i and 12 CO indicate that the C RRL emission is more likely associated with H i gas (Kantharia et al. 1998) .
The upper state of the [C i] 3 P1-3 P0 transition at 492 GHz is only 23 K above ground. For this transition, the critical density for collisions with H2 molecules is only 1000 cm −3 (Schröder et al. 1991) . This implies that [C i] is easily excited and also the line is easily detectable even when emitted by moderate density interstellar gas exposed only to a radiation field equal to the mean interstellar radiation field in the solar neighborhood. Thus [C i] can be used as a reliable tracer of the diffuse PDRs as well. Here we present [C i] mapping observations at 492 GHz in the direction of Cas A in order to probe whether the [C i] emission like the C RRL emission arise solely from the atomic CNM or the molecular phase also contributes to it. We have compared the [C i] observations with the C270α, H i, 12 CO 2-1 and 13 CO 1-0 observations available in literature and have used PDR models to explain the neutral carbon and CO emission wherever the two spatially overlap.
OBSERVATIONS AND DATA ANALYSIS
We have mapped the Cas A region in the fine structure transition 3 P1-3 P0 at 492 GHz of atomic carbon using the SubMillimeter Array Receiver for Two frequencies (SMART; Graf et al. 2002) on KOSMA (Winnewisser et al. 1986 ), a 3-m submillimeter telescope located on the Gornergrat in Switzerland. SMART is a dual-frequency eight-pixel SISheterodyne receiver that observes simultaneously at 4 positions (separated by 116 ′′ ) on the sky at two frequencies in the range 455-495 GHz and 795-882 GHz. The IF signals are analyzed with array-acousto-optical spectrometers (array-AOSs). The array-AOS consists of 4 AOSs each with a bandwidth of 1 GHz and a spectral resolution of 1.5 MHz (Horn et al. 1999) . This corresponds to a velocity resolution of 0.63 km s −1 at the frequency of the [C i] line. Owing to technical difficulties the higher frequency channel of SMART could not be used during our observations. Typical receiver noise temperature achieved at the center of the bandpass at 492 GHz is 150 K. Based on cross-scans on Jupiter at 492 GHz we estimated the HPBW to be 55 ′′ and the beam efficiency (η mb ) to be 50%.
We observed a fully sampled map centred at Cas A (α2000 = 23 h 23 m 24 s ; δ2000 = +58
• 48 ′ .9), extending over
The observations were done in the On-The-Fly (OTF) position switched mode, with the reference position being 2 o south of the map centre. The map presented in this paper required 5 complete coverages of the region and the total integration time per position on the sky was 50 seconds. The atmospheric calibration were done by measuring the atmospheric emission at the reference position to derive the opacity (Hiyama 1998) and the sideband imbalances were corrected for using standard atmospheric models (Cernicharo 1985) .
Data was analyzed using the GILDAS 1 spectroscopic data reduction package. Sinusoidal baselines were subtracted in order to correct for the standing waves. −1 km s −1 corresponding to the local Orion arm. Since the −38 km s −1 feature and the Orion arm feature do not appear at all positions within the mapped region, the spectrum obtained by averaging over the entire mapped region does not show them clearly. Thus, in order to provide a fair representation of all velocity components detected in the region we show here the average spectrum over the selected region. Figure 2 shows a comparison of the emission spectra of
RESULTS

Velocity Structure in [C i]
13 CO 1-0, 12 CO 2-1, C270α (at 332 MHz) and the optical depth spectrum of H i, all averaged over the disk of Cas A. The CO spectra are from the observations by Liszt & Lucas (1999) , the C270α spectrum was observed by Kantharia et al. (1998) , and the H i optical depth spectrum is from Schwarz et al. (1997) . Table 1 . Although the C270α spectrum shows mainly the −47 km s −1 feature, the same gas as traced by C RRLs with different αs also shows the −38 km s −1 feature both in emission and absorption (cf. Fig. 1 , Payne et al. 1989) .
All tracers appear to show rather similar velocity components. Thus based on velocity features it is not possible to isolate the contribution of atomic and molecular components of the neutral ISM towards the observed [C i] emission.
Rest of the paper discusses the −47 km s −1 Perseus arm feature which is detected in all tracers. The linear filamentary extension in the west in contrast is detected only between −49.1 to −47.2 km s −1 . The morphology of [C i] emission rules out interaction of this gas with the SNR. As shown in Fig. 4 , the [C i] emission is seen mostly from the southern part of the supernova remnant; the eastern part coincides with the molecular cloud seen in that region (Wilson et al. 1993) which is also believed to lie in the Perseus arm but not interacting with Cas A. If there was interaction between [C i] line emitting region and Cas A then it would lead to one of the following being true: a) if the line emission is affected by the continuum from Cas A then it should show good morphological correlation with the supernova remnant (SNR). However this is not the case here. b) peculiar spectral features from the regions close to Cas A e.g. broad lines or stronger lines. No such trend is seen and this also helps rule out any interaction between the two. Thus, we believe that the [C i] gas is not interacting with the supernova remnant.
Comparison of [C
Atomic Gas Figure 5 shows the [C i] emission superposed on the contours of C270α optical depth (Kantharia et al. 1998 ) both at velocities of −48 km s −1 . While the [C i] emission overlaps partially with the C270α emission, it also appears to surround (Kantharia et al. 1998 ) centred at a velocity of −48.0 km s −1 . The circles show the CO clouds identified by Wilson et al. (1993) . The contour levels are 1, 2, 3, 4, 5, 7, 9 and 11 in units of 0.001. The greyscale ranges between 2 and 9.8 K km s −1 .
the C270α emitting region and there are some significant differences in morphology between the two. The C270α peak optical depth is observed from the central part of Cas A and is not coincident with the [C i] peak. The [C i] peak is located to the south of the C270α peak which possibly indicates the chemical stratification from C + through C 0 to CO. The location of the peak of the C RRL emission at the centre of the SNR in Cas A is indeed intriguing. Assuming that the observed line width of recombination lines at 34.5 MHz was entirely due to radiation broadening, Kantharia et al. (1998) put a lower limit on the distance of 115 pc between the line forming region and Cas A indirectly ruling out the association of this gas with the SNR. On the other hand, Kassim et al. (1995) have reported flatter spectrum in the central arcmin or so of Cas A at frequencies below 330 MHz. The common location of the recombination line gas and the absorbing gas is intriguing and argues for a common origin. However, Kassim et al. (1995) argue that the thermal absorbing gas is located within Cas A in which case a common origin of the gas is ruled out. Moreover the carbon recombination line forming gas has a continuum optical depth of 6.4×10 −4 at 74 MHz which is much less than the optical depth (1.3) of the gas that Kassim et al. (1995) detect. We conclude that the positional coincidence of the carbon recombination line forming gas and the flat spectrum region towards Cas A does looks fairly intriguing and demands further investigation.
The line of sight to Cas A has provided a uniquely detailed set of observations of RRLs from highly excited states of singly ionized carbon (e.g. Konovalenko et al. 1980; Ershov et al. 1987; Payne et al. 1989; Anantharamaiah et al. 1994; Kantharia et al. 1998 ). Interpretation of these RRLs using models considering dielectronic-like recombination suggest that with the excep-tion of the recombination line width, all of the Cas A carbon recombination line and λ21 cm H i absorption line data can be attributed to a region where the physical conditions are typical of the cold neutral medium of the ISM .
We also compared the [C i] emission with the H i distribution across Cas A (Schwarz et al. 1997 ). H i is observed in absorption across the entire Cas A disk and the morphology varies with the radial velocity with maximum optical depth being observed around −48.2 km s −1 . The peak absorption at this velocity arises in the south-east region which roughly coincides with the peaks seen in [C i] at similar velocity. H i absorption is also seen from the western half of Cas A with the peak shifted slightly towards the south. A similar peak is also observed in [C i] emission.
The [C i] distribution is thus partly similar to both H i and C270α morphology. We compare the [C i] emission with the molecular component of the ISM traced by the CO emission in the next subsection.
Comparison of [C i] and molecular line emission toward Cas A
The left and middle panels of Fig. 6 show the distribution of 13 CO 1-0 and 12 CO 2-1 intensities (in contours) integrated between velocities of −50.3 and −44.1 km s −1 (Liszt & Lucas 1999) , superposed with the [C i] distribution (in grey). While the original resolution of the 13 CO 1-0 map is 60 ′′ , the 12 CO 2-1 data has been smoothed to 60
′′ . In an earlier paper Wilson et al. (1993) observed the CO (and 13 CO) emission from the Perseus arm clouds in the direction of Cas A, with an angular resolution ∼ 22
′′ . The CO clouds identified by Wilson et al. (1993) are also marked by circles in Fig. 6 . We note that the CO data from Liszt & Lucas (1999) do not show the clumped structure observed by Wilson et al. (1993) and we attribute it to the difference in resolution between the two datasets. Figure 6 shows that the [C i] emission is detected from most of the CO emitting clouds and the [C i] peaks lie at the outer boundaries of the clumps. Substantial [C i] emission is detected with no corresponding CO emission from the diffuse PDRs to the north. The extreme right panel of Fig. 6 shows the integrated [C i] intensities overplotted with the CO clouds identified by Wilson et al. (1993) . It clearly shows that although [C i] emission is detected from most of the clouds, the peaks of [C i] emission tend to lie at the boundaries of the CO clouds. We point out here that the CO clouds detected by Wilson et al. (1993) towards the western edge of the map belong to the −36 km s −1 Perseus arm feature, in contrast to the −47 km s −1 feature in [C i] emission being discussed in this paper. The relative position of the [C i] and CO emission peaks is consistent with the clumpy PDR scenario, in which PDRs form on the surface of the molecular clumps that are embedded in an interclump medium of lower density in which CO is dissociated to atomic carbon.
From the above comparisons it is clear that [C i] traces both CO and cold H i morphologies partially and is consistent with the PDR scenario when compared with the C + regions traced by the carbon recombination lines (e.g. C270α) and the molecular clouds traced by CO. We note here, that absorption studies of C RRLs necessarily imply that the emitting gas lies in front of the strong continuum emitting SNR, no such restriction is however applicable to either the CO or the [C i] lines. Thus, beyond the similarities in the emission velocities of [C i] CO and the C270α and the morphological similarity to a PDR-like structure, the present observations cannot conclusively rule out the possibility that the molecular (and neutral) and the ionized gas may not be occupyng the same volume of gas.
NEUTRAL CARBON AND CO COLUMN DENSITIES
We have estimated the C 0 and CO column densities based on LTE approximation. For these calculations we have used the observed [C i] and 13 CO 1-0 line intensities and an excitation temperature, Tex, of 20 K. Further we have assumed both [C i] and 13 CO 1-0 to be optically thin. The assumed Tex of 20 K is justified because based on the 12 CO and 13 CO observations the kinetic temperatures of the molecular clumps in the Perseus arm along the direction of Cas A is ∼ 20 K (Wilson et al. 1993 ).
In the Perseus arm clouds with velocity ∼ −47 km s Liszt & Lucas (1999) is slightly lower than the values obtained by Wilson et al. (1993) , but matches reasonably well with the previous 1.
′ 1 13 CO 1-0 observations by Troland et al. (1985) .
Over the limited region in which the 13 CO and [C i] emissions overlap, the C/CO abundance ratio varies between 0.08 and 1.8. At the positions of the CO clouds F and G the C/CO abundance ratio is ∼ 0.2, a value typically found at the centre of dense cloud cores (Gerin et al. 1998; Oka et al. 2004 ). In the periphery of the CO clouds the value rises to 1.7 at positions where the [C i] emission peaks : this value is typical of the diffuse, translucent clouds (Ingalls et al. 1997; Bensch et al. 2003) .
PDR INTERPRETATION OF THE OBSERVED [C i] EMISSION
The observed morphology of [C i] though not entirely correlated with the emission from the atomic or the molecular phases of the ISM, is consistent with the phenomenological understanding of PDR structure. [C i] is typically ubiquitous and towards the direction of Cas A, it appears to be arising from both the molecular clumps as well as the diffuse PDR. Most importantly, the [C i] emitting regions show no evidence for interaction with the SNR in Cas A. Here we explain the observed [C i] emission in terms of theoretical models for PDRs. We have used the plane-parallel models by Kaufman et al. (1999) for this purpose. The PDR model used here takes into account a detailed chemical network, radiative transfer and thermal balance and considers a 1-dimensional slab of material exposed to a FUV radiation field in a face-on geometry. The plane-parallel PDR model calculates the intensity of various transitions of different chemical species as functions of two parameters, the local hydrogen density (nPDR) and the incident FUV radiation field. Kaufman et al. (1999) have created a database of PDR models, for local hydrogen densities nPDR, between 10 & 10 7 cm −3 and FUV radiation field between 0.3 to 3×10 6 G0, where G0 is the FUV flux measured in units of the "Habing field", which is taken to be 1.6×10 −3 erg cm −2 s −1 sr −1 (Habing 1968 ). In the absence of any nearby stars the far-ultraviolet (FUV) radiation field illuminating the [C i] emitting neutral atomic and/or molecular phase of the ISM will be of the order of 1-5 G0. For the following PDR analysis we assume the FUV flux to be ∼ 1 G0.
Hydrogen densities
We have used the observed CI/ 12 CO2-1 intensity ratios to derive an independent estimate of the hydrogen volume densities in the [C i] emitting regions using the PDR models. For convenience from now on we split our discussion into two parts, the first deals with the south-eastern [C i] emitting regions which are largely concomitant with the CO emission and the second deals with the north-south stretching filamentary emission to the west of the map. The aim of this separation is also to look for possible differences between the two parts. Figure 7 shows the distribution of the CI/ 12 CO2-1 intensity ratios in regions where both intensities are more than three times the respective noise levels. Most of the pixels in both the south-eastern cloud and the western filament show intensity ratios between 0.5 and 1.0. At the position of the [C i] emission peak to the south-east the ratio is 1.3 and towards the northern edge of the south-eastern cloud the ratio rises from 1.8 to 4. In the western filament also the value rises to as high as 4 towards north. Clouds F, G and H show ratios of ∼ 0.5, while cloud E has a value of ∼ 1.3. Figure 8 shows the variation of the CI/ 12 CO2-1 intensity ratios as a function of the UV radiation field and the local hydrogen densities as estimated by the PDR models by Kaufman et al. (1999) . For convenience we have drawn contours corresponding to some of the typical ratios found in the direction of Cas A. We note that according to the PDR models, the observed CI/ 12 CO2-1 intensity ratio constrains the local hydrogen density almost independent of the UV radiation field assumed. CI/ 12 CO2-1 intensity ratio of 4 or more corresponds to densities less than 100 cm −3 . The most commonly seen ratio of 0.5 suggests densities of the order of 10 3.5 cm −3 . Thus the hydrogen density of the [C i] and CO emitting gas varies from 100 to 3000 cm −3 . Since the [C i] emission only partially overlaps with the carbon RRL emission as well as the CO emission in a manner apparently consistent with the PDR scenario, it is interesting to compare the neutral hydrogen densities in the different regions. Based on latest models of carbon RRL emission, the atomic hydrogen densities are estimated to be around 150 cm −3 , for an electron temperature, Te, of 75 K (Kantharia et al. 1998 ). CO observations suggest hydrogen volume densities of ∼ 10 3 cm −3 with localized higher densities (Wilson et al. 1993) . We find that the southern parts of the mapped region [C i] emission arises primarily from regions in which hydrogen is mostly molecular with average densities of 10 3 cm −3 . To the north, the densities are lower and the [C i] emitting region has hydrogen primarily in the atomic phase. This is shown by the higher [C i]/ 12 CO2-1 intensity ratios and the lower densities derived from the carbon RRL emission which peaks in this region and is known to arise in the atomic medium. The [C i] emission thus not only morphologically but also in terms of the continuity of density parameters acts as the transition phase between the atomic and the molecular phase of the neutral ISM.
Volume and Area Filling factors of the [C i] emission
In order to quantify our results better we have selected a few representative positions and derived densities at those positions for an UV field of χ = 1 G0. This analysis also aims to characterize the clumpy nature of the emitting regions along the lines of sight towards Cas A. The positions chosen correspond to the centres of the CO clouds E, F and G (Wilson et al. 1993 ) from which [C i] emission was clearly detected. In addition, we have chosen the primary [C i] peak in the entire mapped region, lying in the south-eastern molecular cloud and the secondary peak found to the north of the filamentary emission to the west. Finally we have chosen a representative position with average emission characteristics in the western filament. Table 2 summarizes details of the selected positions and several parameters observed and derived from PDR models and obtained from literature.
As discussed in Sect. 5.1 the local hydrogen volume densities, nPDR, at the selected positions are estimated from the observed CI/ 12 CO2-1 intensity ratios using the PDR models (Col. 7, Table 2 ). We find nPDR for the CO clouds F and G to be ∼ 10 3 cm −3 , while cloud E has a much lower density of only 300 cm −3 . These densities are in agreement with the values derived by Wilson et al. (1993) using much higher resolution (22 ′′ ) observations (Col. 12 Table 2 ). At the position of the two [C i] peaks to the south-east and in the western filament the densities are ∼ 500 cm −3 , while for most of the positions on the western filament the density is ∼ 10 3 cm −3 . This implies that the high [C i] intensities arise from the more diffuse interclump medium.
The N(H2) per 60 ′′ beam (Col. 5, Table 2 ) for the individual positions have been estimated as described in Sec. 4. For the clouds E & G the N(H2) per beam (60 ′′ ) are lower by more than a factor of 3 than the N(H2) measured per 22 ′′ (Col. 11, Table 2 ) by Wilson et al. (1993) , while for cloud F the two numbers agree. At those positions where the 13 CO 1-0 emission lies below the noise limits of the dataset, we have assumed the noise level to derive N(H2)< 5.6 × 10 20 cm −2 . Using the hydrogen column densities and assuming that the cloud extends the same distance along the line of sight as the linear size of the beam we have derived the beam-averaged volume densities (nav; Col. 6, Table 2 ). We note here that n(H2) wilson (Col. 12, Table 2 ) has also been derived from the N(H2) wilson in the same way.
The volume filling factors of the emitting clouds can be estimated as φV=nPDR/nav. For most of the positions except for Cloud G and the average position in the western filament the volume filling factors are higher than 50% (Col. 10, Table 2 ). This is in contrast to the typical volume filling factors of 5% as found in the Galactic star forming regions (Kramer et al. 2004 Table 2 . Parameters observed and derived from PDR models at selected positions in the Perseus arm. n PDR is local hydrogen volume density derived by comparing the observed CI 12 CO2-1 intensity ratios with predictions of the PDR models. N(H 2 ) is the H 2 column density per 60 ′′ beam, φ A is the area filling factor of CI emission defined as I CI,obs /I CI,th and φ V is the volume filling factor defined as n PDR /nav. Quantities with the subscripts wilson are from Wilson et al. (1993) . (1) (2) (3) (4) (5) (6) (7) (8) towards Cas A the [C i] area filling factor is on an average equal to 0.5.
SUMMARY
We have used the [C i] emission at 492 GHz to probe the PDRs seen in the direction of the supernova remnant Cas A. We detect [C i] emission at velocities around −47 and at −39 km s −1 from the Perseus arm clouds, and at −1 km s −1 from the local Orion arm cloud. The [C i] emission does not show any strong morphological correlation with the continuum emission from Cas A. Further, we do not detect any obvious broadening or strengthening of spectral lines closer to the continuum peak. Both of these conclusively rule out that the [C i] emitting gas is interacting with the SNR in Cas A. We detect [C i] emission from both the diffuse CNM (as traced by the C RRLs) and the denser molecular cloud. Morphological comparison of the [C i] emission with the carbon RRL (C270α), H i optical depth and CO distribution appear to be consistent with a PDR scenario in which the dominant carbon-bearing species changes from C + in the diffuse region through C 0 to CO in the more dense molecular clumps. We note with caution that despite the morphological and kinematic evidences the present observations cannot rule out the possibility that the [C i] and C RRL emitting regions may not completely occupy the same volume of space.
We estimate the C 0 column density, N(C), to be between 2 10 16 and 1.3 10 17 cm −2 . At the position of the previously identified CO clouds we estimate the C/CO abundance ratio to be around 0.2, similar to the typical value found in dense cloud cores. Most of the [C i] emitting region however shows C/CO abundance ratios > 1, typical of diffuse, translucent clouds.
We have derived hydrogen volume densities of the [C i] emitting regions from the [C i]/ 12 CO2-1 intensity ratios using PDR models. We find that the local hydrogen densities vary from ∼ 10 2 cm −3 near the [C i] peaks to 10 3.5 cm −3
around CO peaks. This also shows a continuity in the density structure in the region between the the diffuse C ii region and the denser molecular clouds. We estimate the area filling factor of the [C i] emitting regions to be ∼ 0.3, while the volume filling factor is on an average > 30%. This further suggests that most of the [C i] emission stems from the diffuse PDR also traced by the carbon recombination lines.
